Objective: To test a quality improvement intervention, a learning collaborative based on the Institute for Healthcare Improvement's Breakthrough Series methodology, specifically intended to improve care and outcomes for patients with childhood asthma.
W
IDESPREAD GAPS EXist in health care q u a l i t y i n t h e United States. 1 The development and dissemination of guidelines have proven insufficient by themselves to change care. 2, 3 One strategy has been to develop more intensive programs intended to change clinical behavior. 4, 5 These efforts can best be viewed in the context of diffusion of innovation, which provides a theoretical framework to guide quality improvement activity. 6 One of the most fully developed of these comprehensive programs is termed continuous quality improvement, an improvement approach adapted from industry to the health care setting. 7, 8 Multiple reports on 1 continuous quality improvement intervention, the Breakthrough Series developed by the Institute for Healthcare Improvement, Cambridge, Mass, 9, 10 have been published for a variety of clinical topics, [11] [12] [13] [14] [15] [16] [17] but no randomized, controlled trial has been reported to date. Here, we report a trial of a continuous quality improvement intervention, participation in a learning collaborative project based on the Breakthrough Series method, undertaken with primary care practices caring for patients with childhood asthma. The aim of the project was to implement a quality improvement intervention in a large number of primary care sites and evaluate the impact on key processes and outcomes. Childhood asthma represents a good test of the effectiveness of this intervention, in that it is a condition commonly encountered in primary care settings. Strong evidence links a number of key care pro-cesses (such as the use of anti-inflammatory medications) with improved outcomes, but deficits persist in the quality of care provided to children with this condition. [18] [19] [20] [21] 
METHODS
Study approval was granted from each participating practice's respective institutional review board and from the New England institutional review board for the survey firm.
RECRUITMENT AND RANDOMIZATION OF PRACTICES
Practices were recruited in 2 geographic areas within which those providing more than 10 visits per year for childhood patients with asthma were eligible. Greater Detroit (Mich) practices were affiliated with the Henry Ford Health System and recruited by its chair of the Department of Pediatrics. Greater Boston (Mass) practices were recruited through presentations and contacts by opinion leaders of health plan and hospital-affiliated practice networks, and by direct mailings to all pediatricians within approximately 25 miles of Boston. All eligible practices agreeing to participate were included. After stratification by state and size of practice, half of the practices were randomly assigned to receive the intervention in 2001, and the remainder to receive it in 2002. The latter delayed intervention group served as the control practices in 2001. Participating practices and the faculty who coached them were aware of their group assignment. Parents and their interviewers were unaware of randomization status.
INTERVENTION
Intervention practices participated in a learning collaborative project for 12 months. Each was requested to send a 3-member multidisciplinary team (composed of a physician, a nurse, and a front office staff person) to three 1-day learning sessions during the course of the collaborative. In January 2001, intervention practices were asked to collect baseline data to identify "performance gaps" (the difference between current and desirable performance) in their practice. At the first learning session in February, teams were taught a comprehensive method to proactively care for patients with asthma using the Chronic Care Model 22, 23 and concepts of quality improvement including the Model for Improvement (a specific approach to quality improvement that emphasizes the use of small, incremental tests of change). 24 They were provided materials and information based on the guidelines from the National Asthma Education and Prevention Program, Bethesda, Md, and tools to support implementation of these practices (such as encounter forms and an electronic patient registry). During the next 10 months, coaching and support was provided through 2 additional learning sessions, biweekly conference calls, an active e-mail list, and periodic performance feedback based on expert review of monthly project team reports.
Practices randomized to intervention in 2002 continued usual care during 2001.
OUTCOME MEASURES
We hypothesized that the intervention would result in improvements in process and outcome measures in intervention vs control sites. Prior to the study, we defined the following as primary study measures: any written asthma management plan reported as received by a parent in the past 12 months, daily use of inhaled steroids in the past 4 weeks, and daily use of controller medications in the past 4 weeks. The following were defined as secondary measures: any asthma hospitalization and any emergency department visit for asthma in the past 12 months, any asthma attack in the past 12 months, and parent report of how limited their child had been from asthma in the previous 2 weeks from very strenuous activities (such as running fast or playing hard). Other measures included patient experience of care and parent-reported functional status. 25 
DATA COLLECTION
Lists of potentially eligible patients were obtained for each practice. Children aged 2 to 16 years with at least 1 visit with an International Classification of Diseases, Ninth Revision (ICD-9) code of asthma or chronic asthmatic bronchitis between January 1, 1998, and December 31, 2000, and without another complicating respiratory condition, were potentially eligible. Henry Ford Health System lists were provided by its central information service, while each Massachusetts practice produced its own list.
Telephone interviews of samples of parents of children with asthma were conducted for each study practice at baseline and at the end of the intervention. A quota for interviews, ranging from 5 to 25, was allocated to each practice depending on practice size. Samples were drawn randomly from each practice list until the practice interview quota was met.
The baseline interview contained screening questions to further establish eligibility. Eligible children were those whose parent informant had been told by a physician that the child had asthma, but not another chronic lung condition, and who intended to continue receiving care at the study practice for the coming year. Eligible children also met 1 or more of the following criteria regarding medication use in the past 12 months: 2 or more uses of oral steroids, 2 or more refills of a bronchodilator, use of a corticosteroid inhaler, or use of cromolyn sodium (the study began prior to widespread use of montelukast).
STATISTICAL METHODS
We conducted an intention-to-treat analysis in which all intervention and control practices were included as randomized. The effect of intervention was assessed by comparing change from baseline in the intervention children with change from baseline in the control children. Specifically, a group ϫ time interaction was used to test whether there was an effect of intervention over and above the effect of time on the controls.
Power calculations were based on tests of proportions and means, and accounted for within-practice clustering of patients. 26, 27 At baseline, 34% of patients were expected to be using anti-inflammatory medicine and 50% were expected to have a written asthma management plan. Clinically meaningful differences were defined as increases of at least 20% for proportions and at least 0.3 standard deviations for normally distributed continuous outcomes. A sample size of 600 subjects was found to have 90% power to detect clinically meaningful differences for binary or continuous outcomes when there were mild ( = 0.1) levels of correlations of responses within a practice. With moderate ( = 0.3) levels of correlation, larger differences (increases of 30% for proportions and 0.5 standard deviations for continuous outcomes) were required to detect significant differences between the groups with 90% power.
Linear and logistic regression were used to analyze the parent interview data. To account for within-practice correlations, generalized estimating equation methods 28 were used in all analyses. Regression models adjusted for the effects of state, practice size category, age, and sex.
RESULTS

PRACTICES AND CHARACTERISTICS
Forty-three practices were randomized: 22 to the intervention group and 21 to control (Figure 1) . Massachusetts practices were a mix of hospital clinics, independent community health centers, and private practices. In Michigan, all sites were a part of the Henry Ford Health System; 1 was hospital-based. As can be seen in Table 1 , there were no significant differences in practice characteristics between intervention and comparison groups.
After randomization, but before the first learning session, 1 intervention practice dropped out, and did not participate in the intervention or supply patient names for the parent interview. An additional intervention practice closed in the middle of the intervention, and another dropped out after the second learning session.
IMPLEMENTATION OF INTERVENTION
Although practices were expected to participate fully in the intervention, actual participation varied considerably. Attendance at the 3 learning sessions declined progressively from the first to the third in both states (eg, 34 participants at the first session in Boston; 24 at the third). On average, only 42% of the practices submitted performance data and 39% reported their progress in any given month of the intervention, with fewer practices reporting in the later months of the intervention.
TELEPHONE INTERVIEW DATA
The 43 practices identified a total of 13 878 pediatric patients with asthma who may have been eligible for this study. Baseline interviews were completed with 631 households. The steps in participant recruitment are documented in Figure 2 . No significant demographic differences were identified between children in intervention and comparison groups ( Table 2) . Unexpectedly, at baseline, 53% of the children in the intervention group had a written asthma management plan, compared with 37% of the children in the control group (PϽ.001). We controlled for that difference when considering the effect of intervention on having a management plan. The groups were not different at baseline with respect to any other measure.
A follow-up interview was attempted with each of the 631 households who completed the baseline interview; 490 second interviews (78%) were completed March through June, 2002. Table 3 presents the outcome measures from the parent interviews. After adjusting for state, practice size, child age, sex, and within-practice clustering, we found no overall effect of intervention. Daily use of a controller medication increased slightly in both groups. The proportion of children with any asthma attacks in the past 12 months decreased significantly (PϽ.001) in both the intervention and control groups, as did the proportion of children with an asthma emergency department visit (PϽ.001). We found no differences in patient experience of care or functional outcomes (data not shown). Adjustment for other factors, including child race, household income, or whether participants were Medicaid insured or not, did not appreciably affect these results. Within-practice correlations were modest in magnitude (ranging from 0.0-0.06 for different analyses).
IMPACT AMONG ENGAGED PARTICIPANTS
To evaluate the possibility that the lack of an intervention effect could be due to limited engagement by some of the practices, the analysis was rerun including data from only practices that attended all 3 learning sessions (a minimal indicator of engagement). When compared with outcomes for children followed in the control sites, parent reports for 6 of the 7 outcomes indicated no significant effect of intervention. The percentage of children requiring an emergency department visit was reduced more in the children in the intervention group than in the con- trol group (P=.01). The proportion of intervention group requiring an emergency department visit dropped from 36% to 22% for the entire intervention group (Table 3) , but dropped from 51% to 22% when retaining only the children in practices attending all the learning sessions. This restriction removed all but 9 of 22 (41%) intervention practices.
COMMENT
This study is the first of which we are aware to report a randomized controlled trial of a quality improvement intervention based on the Breakthrough Series method. We assessed the impact of this intervention on several key processes and intermediate outcomes for children with asthma and consistently found that our intervention did not exert a substantial positive effect in the intervention group beyond that found in the control practices.
Several possible explanations exist for our negative findings. A number of nonpractice level factors which can influence care and outcomes, such as insurance coverage or access barriers, were outside the scope of this work. Alternatively, it is possible that it is hard to find an effect owing to study factors. The sampling of parents from practices may have been incomplete or biased, particularly in the Boston sites because, while we specified the criteria for selecting children with asthma, the quality of the information systems in each practice varied and we did not audit their identification. Because of delays in the screening process, many "baseline" surveys took place well after the start of the intervention. The data did not show any trends associated with the timing of the baseline survey, suggesting this was not a large source of bias.
The risk of some degree of contamination between intervention and control practices was real. In Detroit, all of the practices were within a single organization. In the Boston area, many intervention practices were in the same practice network as control practices, and some were even owned by the same entity.
Physicians and staff at practices other than those who participated in the learning collaborative project likely cared for the sample of children whose parents were surveyed. Although the learning is intended to spread over time, it may take longer and be somewhat attenuated. The duration of the intervention itself was somewhat shorter than would be ideal-we believe it requires 15 to 18 months to see changes, particularly in the health status outcomes. Logistical constraints connected with the grant award precluded our ability to extend the project period.
Although all of the practices agreed to participate in some manner, many were not fully invested in the process of improvement. Attendance at learning sessions was less than desirable or typical in such initiatives. Undertaking the collaborative at 2 separate sites also minimized the interaction among practices, a process that we feel accelerates learning. While the Breakthrough Series process is widely used, its extension into primary care practices, particularly practices in the private sector, is still relatively innovative. Mills and Weeks 29 note that teams that are successful at quality improvement are characterized by (1) alignment of the team with organizational strategic priorities, (2) strong team leadership and team functioning skills, and (3) front-line staff support. It is unclear whether these describe typical primary care teams. It is also possible that teams willing to participate in a study such as this may be systematically different from teams from organizations that commit to improvement-especially given the need to accept randomization.
In addition, the underlying turmoil in the health care system in these 2 communities may have affected the ability of these sites to focus on improvement. Many of the Boston sites had been affiliated with CareGroup, an integrated delivery system that was undergoing severe financial distress at the time of this study. Similarly, in Detroit, the Henry Ford Health System lost a contract to provide services through Medicaid just prior to starting the intervention, a change that decreased pediatrician morale and compensation, affecting intervention practices' ability to concentrate on quality improvement efforts. Improving care for children with asthma, particularly in the context of a study, may not have had sufficient salience to overcome these difficult organizational challenges.
CONCLUSIONS
This study affirms that changing clinical practice for children with a chronic condition is not simple. In the course of this intervention, we encountered the obstacles that confront researchers and impede efforts to improve care: changing practice networks, financially challenged managed care plans, and changes in staffing and contracts for providers. All of these affect both studies and quality improvement.
The effectiveness of the approach used in this study was not affirmed, but limitations in design and implementation preclude making the general inference that this type of improvement program is ineffective. Interventions with more engaged teams, extending for longer periods of time, are likely to be more effective. Programs that can better incorporate or facilitate the adoption of registries and information technologies may also demonstrate greater effectiveness.
Changing clinical care remains a high priority to meet the aims specified by the Institute of Medicine, Washington, DC. This particular learning collaborative project did not demonstrably improve care in participating practice sites. Additional efforts are needed to design, implement, and evaluate programs that will transform clinical care and improve outcomes. Funding/Support: This project was supported by grant R01 HS10411 from the Agency for Healthcare Research and Quality, Rockville, Md, and by the National Heart, Lung and Blood Institute, Bethesda, Md. Neither of the funding sources had any role in the study design; in the collection, analysis and interpretation of data; in the writing of this article; or in the decision to submit it for publication. Abbreviation: ED, emergency department. *Regression analyses adjusting for state, practice size category, sex and age category, and practice clustering showed no significant differences between intervention and control groups in baseline vs postperiod comparisons.
†On a scale of 1 to 5, 1 indicates totally limited, 5 indicates not limited.
